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Abstract
Purpose  Manufacturers across many sectors increasingly operate in high variety environments.
Research evidence suggests that variety has a negative impact on performance. However, the research literature
is limited on the enablers that allow variety to be managed effectively and efﬁciently at the front-end of an
organisation and in quotation processes in particular.
Design/methodology/approach  This paper presents case analysis of the quotation processes from
manufacturers operating in high-variety environments. Qualitative process modelling tools have been developed
to allow representation of process complexities and informal process elements.
Findings  Findings are presented on generic mechanisms for absorbing and mitigating the impact of variety
on quotation processes. A generic quotation process model is presented comprising four key decisions centres:
customization request initiation and information gathering on customer needs, classiﬁcation of requests,
resource control, and identiﬁcation of information for reuse.
Practical implications  The implications of the study for the automation of quotation processes in high variety
and mass customization environments are discussed and it is speculated that different decision centres will
dominate in different environments.
Originality/value  The generic model developed by this research offers insight into the functioning of the core
process elements of the quotation system. Reviewing an organisations structure and the information systems
infrastructure supporting these decision centres should lead to the identiﬁcation of potential system or
reorganisation improvements.
Keywords Mass customization, Product adaptation, Order systems 
Paper type Research paper 
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Introduction
Recent trends show that variety is increasing across most sectors (Funke and Ruhwedel, 2000;
Holweg and Greenwood, 2000). Indeed most manufacturing enterprises face mounting pressure to
offer more variety. The core reasons for this are rooted in societal and economic changes, growth in
consumer afﬂuence and aspirations (Tofﬂer, 1970). In business-to-business (B2B) environments, increases
in variety may result from:.   the need to respond to customer requests by continually developing and expanding the
product envelope; and.   
t%& need to provide complete solutions to customers.
Such pressures may be due to the power of some customers in industrial markets to negotiate product
speciﬁcations that are tailored to meet their requirements. The need to provide solutions is often driven by
the level of competition in the market; intense competition means that innovative solutions are required
beyond the scope of the current core product or product range, e.g. offering an additional service or integrating
the product into a system.
The impact of variety has been studied in a number of sectors but has mostly concentrated on the
management and control of manufacturing operations, particularly with respect to order fulﬁlment
and quality (Stalk, 1988; Hayes and Wheelwright, 1984; Yeh and Chu, 1991; Anderson, 1995). Less
research has been performed into the handling of variety at the front-end of the business particularly where
the level of customer interaction may be signiﬁcant with regard to product speciﬁcation and quotation.
The customer interface is critical to business success (Moos and Milling, 2002). This paper investigates
the role of the customer interface in facilitating the quotation process. It focuses on the characteristics and
management of quotation processes in high-variety environments.
Many businesses operating in industrial markets are adopting product conﬁgurator technologies to process
customer requests for a broad range of product variants (Forza and Salvador, 2002). Such conﬁgurators
typically supplement the functionality of ERP and production planning systems by providing an interface
for customer choices  a customer variant bill of materials. ERP systems may constrain customer choice
because they are based on the production structure required for variants (Kruse and Bramham, 2003).
Product conﬁgurators are typically set-up with the product options from which the customer can choose
(often with sales assistance from sales and/or technical staff) and associated costs and lead times
can be generated according to the customer speciﬁcation. However, fully engineering a
product before a customer enquiry is received is not the only way to present variant capability to
customers and indeed may not be sufﬁcient to provide variety that is focused on customer needs in
particular environments. Spring and Darymple (2000) present evidence of manufacturers in business
markets that need to provide continuously evolving product ranges driven by customer demand. Requests
may be received from business customers that are outside the product range described by the product
conﬁgurator. These may be non-standard products that warrant a cooperative response. The business
must therefore provide some reactive decision making to consider the implications of modiﬁcations to
existing product variants. This paper investigates how businesses can combine the
conﬁgure-to-order approach with reactive decision making, speciﬁcation and engineering, triggered by a
non-standard request.
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   The research investigates the characteristics exhibited by manufacturers who provide products to business
markets. The aim is to identify mechanisms for providing rapid effective quotations and the constraints that may
obstruct this. Being able to handle high levels of product variety in a responsive manner, both in terms of the 
customer interface and in order fulfilment, is a key enabler of mass customisation (MacCarthy et al., 2003).
The study reported in the paper is based on an in-depth analysis of case studies undertaken by the authors.
The analysis provides insights into the nature of the challenges faced, specifically in customer interaction
processes, in two manufacturing enterprises operating in high-variety B2B environments. The paper analyses the
organisational, informational and decision-making elements that support their quotation processes.
Managing product variety
Demands are being placed on existing operations to adapt to and ideally, to absorb increased levels of
variety with minimal negative impact on performance or proﬁt margins. There is some documented
evidence to suggest that this is being achieved by a number of companies in some sectors (McDermott et al.,
1997; MacDufﬁe et al., 1996). However, other studies show that businesses are incurring signiﬁcant overhead costs
with respect to management and control, particularly for customer-driven variety (Sievanen et al., 2000).
Evidence suggests that a major part of the burden lies in customer interaction processes and in
activities such as product speciﬁcation for manufacture (Erens and Hegge, 1994). The research of Miller
and Vollman (1985) quantiﬁes this burden  they estimate that quality related transactions, which include product
speciﬁcation, constitute 25-40 per cent of costs.
Some research has highlighted the challenge of managing the additional activities that are required to
respond to new customer requests (Amaro et al., 1999) and the conﬂict of managing these whilst
avoiding deterioration in responsiveness (McCutcheon et al., 1994). This would indicate that managing
high levels of product variety is a key challenge requiring important trade-offs between customer needs and the
mitigation of negative impacts.
Much of the literature on managing product variety centres on the re-design of product
architecture as the lever to manage costs whilst maintaining product choice  modularity has
long been argued to be the solution to product complexity problems (Starr, 1965; Pine, 1993).
However, Child et al. (1991) in their guidance on managing complexity suggest the deployment of a
wide range of measures; including those not conﬁned exclusively to the product development
department. Their perspective is focussed on the avoidance of unnecessary variety and does not
embrace the need for high levels of customer-driven variety. Miller and Vollman (1985) recommend the
integration of information systems and the removal of manual handling of ordering to reduce costs. In
the same vein, Swaminathan (2001) recommends standardization of processes. Another approach to managing
variety is to separate it into different types and provide processes dedicated to each type (Skinner, 1974).
   The findings of previous studies prompt many questions about the most effective approaches for the
management of product variety in the front-end of the organisation and their relevance to quotation processes.
Which management activities are effective in controlling the impact of variety? Can evidence of mechanisms
that enable the management of high product variety be found? This research investigates two manufacturers
with high product variety to explore these questions.
Conceptual framework
A quote is a document that describes the commitment by a business to the customer in terms of product
speciﬁcation, price and delivery. A quote results from a quotation process that must convert a description of
customer needs into organisational capabilities. Resources need to be provided within the front-end of the
business to
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Conceptual framework
A quote is a document that describes the commitment by a business to the customer in terms of product
specification, price and delivery. A quote results from a quotation process that must convert a description of
customer needs into organisational capabilities. Resources need to be provided within the front-end of the
business to facilitate the quotation process. Resources will typically include information technology,
stores of drawings of previous customer orders, product and process knowledge and individual expertise.
The documented sections of the quotation process are the visible part of processing customer needs.
However, verbal communications (particularly customer communications) may not be fully documented but
may be an important element of the process. This means that the front-end resources consumed may not all
be conspicuous from tracing the quotation paper trail. Process mapping tools are required to capture all
decisions made and resources used including knowledge and expertise.
Figure 1 shows the conceptual framework adopted in the research. It shows the physical aspects of a
quotation process that uses a product conﬁgurator. The ﬁgure highlights the people involved in supporting the
quotation process. At the centre of the diagram is the quotation process. The next level comprises the
front-end business system which operates within the business organisation characteristics and which is
subject to environmental inﬂuences. The elements of the systems identiﬁed are typical but may not be explicit in
all cases. By considering the system in terms of a number of hierarchical levels the inﬂuences on the design
of the quotation process may be decomposed. This approach is recommended by Pettigrew (1992) for
empirical studies in search of holistic rather than linear explanations of processes. This holistic
approach is important for analysis of the quotation process because the process is strongly interconnected
with other systems such as the market and manufacturing systems and may in some cases hold
signiﬁcant stores of tacit organisational knowledge. This paper will conduct a ﬁrst level of analysis by
investigating the quotation process in detail.
Figure 1. Conceptual framework of the quotation process
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Characteristic Seat selector Custom instrument
Inherent characteristics
Product type Furniture product Specialised instruments
Product architecture Relatively simple product structure. Strongly
modular with interchangeable subassemblies but
very high number of product families, variants and
options
High technical complexity. Modular product
architecture but strong interdependencies between
modules leading to difficulties in making product
modifications
Customer requests
Customer service needs Cost and rapid response Response times vary across sectors and markets
Types of customization 278 product models
5 per cent special requests
Precise data not available on the size of the catalogue
– but very large
95 per cent configured product and 5 per cent
non-standard customer driven project work
Applications-based solutions provided
Product attributes chosen by customers Styles (many options), functionality (many options)
and personalisation, e.g. with the customer’s logo
Functional parameters, properties, performance and
cost
Front-end process activities
Customer interactions Sales representative uses product catalogue and
configurator to specify the product with the
customer for “standard” product. This specification
is fed directly into the manufacturing information
system
For “standard” product the sales engineer discusses
what the customer requires and communicates this
to order processing who configure the request.
Customer relationship management (CRM) tool used
to maintain customer records and to communicate
actions. Product configurator software developed in
house (rules based)
Problem-solving techniques Discussions are based on a list that is maintained of
special components
Frequent interaction between sales, applications
engineers and design
Activities as a consequence of the request Effort spent on sourcing of components/materials
and agreeing lead times for special requests
Effort often focussed on providing customer
drawings and prototypes to confirm specification
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6
def ghijk lmj lmlnkgog pq hef riphlhopm supvfggfg omqpuwfj hef jfxfnpswfmh pq l vpmvfshiln wpjfn
pq yfmfuov riphlhopm supvfggfgz {f |pmp }~ ufvpwwfmjg vpwsluomy l vpwsnf gkghfw lylomgh l
gowsnf wpjfn qpu jfvpwspgomy vpwsnfohkz def riphlhopm supvfgg igfj k flh fnfvhpu lg fnn qpuwlnogfj
ohe joghomvh supvfgg ghlyfg gp oh ylxf l xlnilnf ghluh spomh qpu l gowsnf wpjfn helh vpinj f jfxfnpsfj omhp l
yfmfuov wpjfnz
Data collection
def sluhovoslmhg om hef ghijk qupw flh fnfvhpu fuf gpwf pq hef owspuhlmh ghlfepnjfug om hef
riphlhopm supvfgg  hef omqpuwlhopm gkghfwg wlmlyfu lmj hef psfulhopmg joufvhpuz defk fuf
omhfuxoffj pm hef mlhiuf pq gkghfwg lmj supvfggfgz def gfvpmj ghijk lh ighpw Łmghuiwfmh mfvfggohlhfj
hef vpnnfvhopm pq wpuf jfhlonfj omqpuwlhopm om pujfu hp imjfughlmj hef vpwsnfohofg pq ohg riphlhopm supvfggfgz
xfu  sluhovoslmhg fuf omhfuxoffj om hphlnz defou upnfg gslmmfj lnn qupmhfmj qimvhopmg  glnfg fmyomffuomy
lmj supjivh wlmlyfwfmhz ffhomyg fhffm hefgf sfugpmmfn lmj hef supjivhopm jfsluhwfmh qpu
mpmghlmjluj supjivhg fuf lngp ufvpujfj lmj lmlnkgfjz lgf ghijofg fuf vpmjivhfj qpu heuff pq hef
vighpwfu omhfuqlvfg pq ighpw Łmghuiwfmh lg qpnnpg
}~ hef eflj pqvf glnfg hflw eove fuf vpnpvlhfj ohe hef vfmhuln jfgoym qlvonohk lgfj om 
}

 l gwlnn gigojoluk supxojomy hef vighpwfu omhfuqlvf qpu hef

ufmve wlufh eove ufnofg pm hef
vfmhuln jfgoym qlvonohk fvligf hefou npvln hfvemovln fsfuhogf og nowohfj jif hp go

f pq hef puylmoglhopm
lmj
} l nluyf gigojoluk supxojomy hef vighpwfu omhfuqlvf qpu hef 

wlufh eove mph pmnk elg l npvln
}jfvfmhulnogfj jfgoym qlvonohk ih lngp igfg hef vfmhuln jfgoym qlvonohk om hef z
defgf heuff vighpwfu omhfuqlvfg fuf flwomfj lmj vpwslufj hp imjfughlmj hef qlvhpug omifmvomy hef psfulhopm
pq hef vighpwfu omhfuqlvf om supxojomy l riphfz deog supxojfj fxojfmvf pm hef owslvh pq puylmoglhopmln
ghuivhiuf pm riphlhopm jfvogopm wlomy lmj ep joqqfufmh vpwwimovlhopm wfvelmogwg luf igfj
qpu vpmxfkomy vighpwfu mffjg hp hef hfvemovln jfvogopm wlfug om joqqfufmh imohgz
Development of methods for capturing and analysing quotation process
luofhk yfmfulhfg vpwsnfohk }eonj fh lnz ~~ lmj gomvf hef vighpwfu omhfuqlvf og fspgfj hp hef huif
xluofhk pq hef wlufh heog og lm lufl pq hef igomfgg helh og nofnk hp wlmoqfgh supvfgg vpwsnfohkz deog lyuffg
ohe hef mjomyg pq omygwlm lmj jf

pi

l }~ ep imvpxfufj fxojfmvf pq sulvhovfg igomy pxfu

 uinfg
hp yfmfulhf hef vpgh omqpuwlhopm qpu riphlhopmgz

hppn oh pq wpjfnnomy hfvemorifg lg lggfwnfj qpu hef omxfghoylhopm omvnijomy omhfuxof hppng qpu supvfgg
mpnfjyf fnovohlhopmz pnf lvhoxohk jolyulwwomy lg igfj hp ufsufgfmh supvfgg ghlyfg lmj hef joxogopm pq
lvhoxohofg lvupgg qimvhopmgz hefu supvfgg wpjfnnomy hppng mffjfj hp f jfxfnpsfj omvnijomy wfhepjg
qpu jfgvuoomy omqpuwlhopm gkghfwg lssnovlhopmg qpu flve puylmoglhopmln qimvhopm lmj omhfulvhopm jolyulwwomy hp
ufsufgfmh joqqfufmh hksfg pq vpwwimovlhopmz
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Figure 2. Quotation process stages and decision centres
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Analysis of decision processes
Ö×pture of the quotation processes of  Øustom Ùnstrument was more demanding because the key activities were
more complex and less formalised than Úeat Úelector. Û×ÜÝ of the process activities that varied from
customer request to customer request were embedded in the process knowledge of key
individuals. Þße investigation of the processes used by Øustom Ùnstrument provided the opportunity to extend
the toolkit of process representation tools. àÜ×lysis of these informal processes allowed a model of key quotation
decision centres to be developed where decision centres represent core elements of the front-end system.
Þßá conceptual model was developed based on the identiﬁcation of key stages of the process.
âãgure 3 shows how these decision centres are related to the key process stages in the conceptual model
of the quotation process. Þhis represents the quotation process as a cyclical process with information
deemed to be valuable for reuse. Þße conceptual model represents the quotation process as a
cycle. Þhis begins with initiation of a customization request, followed by classiﬁcation of the
customization request. Þße ﬁnal stage in the loop is the identiﬁcation of information for reuse in further
enquiries. ä×ch stage has a decision centre in which people, with the support of information systems,
make decisions on the information received and act to progress the customization request by
generating and exchanging information. Þßá ﬁrst stage of the loop, decision centre (å) refers to diagnosis of
customer needs. Þßá second stage decision centre (ååæ represents diagnosis of customer needs within
the organisation; internal constraints and requirements are assessed by the relevant experts. Þßá ﬁnal
stage in the loop is decision centre (åçæ that identiﬁes information for reuse. àè the centre is the
sub-system relating to resource management. Þßãs is decision centre (ååå) and it is this decision centre
that is central to all quotation stages. Þße decision centres are described in more detail in Þ×éêe 2 using
examples of the activities relating to the aims of each decision centre. äach decision centre is reviewed in
turn against the evidence from Øustom Ùnstrument.
Decision centre (I) - customization request initiation and information gathering on customer needs: Þhe
customer interaction process model shown in âãgure 4 illustrates the complexity of one of the customer
interfaces at Øustom Ùnstrument using an example taken from the ëì head-quarter sales staff
responding to a ëì customer request. Þhe diagram is divided into communications relating to the initial enquiry and
then revisions to the customer request when the order is placed. Û×ÜÝ different organisational functions
are involved in dialogue with the customer in some informal or formal way. åÜformation gathering at Øustom
Ùnstrument requires many different organisational functions to interact with the customer.
Figure 3.Quotation learning process and decision centres
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Decision centre (II) - classiﬁcation: ít  Custom  Instrument the classiﬁcation of a request is agreed
collaboratively by a group of people from different functions, e.g. product managers and engineers. îïe
process ﬂow for processing a customer enquiry through the ðñ customer interface team is shown in
òógure 5. îïis diagram was constructed using role activity diagramming techniques (ôuld, 1995). îhe
roles involved in each process step are diagrammed. îhis illustrates the complex nature of cross-functional
collaboration.
õö÷h the product range and the application domains for products at  Custom  Instrument are very
broad. îïerefore, the knowledge is segmented into different expert roles associated with product types and
applications, e.g. speciﬁc kinds of applications or speciﬁc sectors such as aerospace. í matrix organisation
has evolved where technical expertise is divided across product managers and engineers. í problem for the
organisation is that process and organisational knowledge is required to know which expert to access in the
network and how to access them.
îïe model of decision centres (òigure 3) allows analysis of the three different organisational structures
of the øustom ùnstrument case studies. úófferent challenges occur when there are local decentralised
design facilities (such as in the ðñü or where these must be referred to ðý headquarters. îïere are duplicate
classiﬁcation decision centres in the customer interface local to the ðñ market and in the centralised decision
facilities in the ðýþ îïis duplication can lead to reversal of decisions, e.g. a rejected enquiry becoming a live
request.
Decision centre (III) - resource control: ôrganisational complexity is highlighted when decision centres are
overlaid on an organisation chart. ýßy experts within a decision centre are often scattered across a number of
functions. îhis means that management of human resources and expertise is difﬁcult.  ö overarching manager
was found who had visibility across the breadth of the quotation process. îïß holistic control of the process in
these circumstances is difﬁcult due to the fragmentation of managers scope of responsibility.
Table 2. Decision centres of the quotation process
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Decision centre Aims of the decision centres
(I) Customization request initiation and
information gathering on customer needs
Collect information in dialogue with the
customer on their requirements
(II) Classification of requests Route customer enquiries to the relevant
experts in the company
Understand the scale of the modifications
to meet customer requirements
Recognise the closest match product that
might be “cannibalised” to meet customer
needs or initiate new product development
to meet customer needs
(III) Resource control Assign resources to the consideration of
customer requests
(IV) Identification of information for reuse Assess what information is likely to be
useful in the future for further customer
orders or quotations
Analyse the feedback on the success of
quotations and accuracy of estimates
associated with customization requests
Figure 4. An example of a customer interface model at  ustom 
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Figure 5. An example of a role activity diagram for the customer interface
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Decision centre (IV) - identiﬁcation ofinformation forreuse: 	n one of the subsidiaries a role has evolved
for an individual who is proactive in identifying similar opportunities so that technical expertise
that has been generated by previous quotations can be reapplied. 
is is effectively an ofﬂine role
as an applications consultant. l other technical experts are engaged in the day-to-day processing
of requests. 	 this situation, it has been judged more effective to use an individuals knowledge rather
than using an information system.
Impact of variety on the quotation process
 have identiﬁed two types of mechanisms for managing variety in the quotation process. 
he ﬁrst
we refer to as absorbing variety.  mechanism that absorbs variety is set-up to contain the effects
of variety. 	t absorbs product variety with minimal impact on performance due to some intrinsic
characteristics of the system, possibly how the system is managed. 
ble 3 shows some of the
mechanisms that have been observed in the case studies for managing the impact of variety through
absorption of variety.
Table 3. Mechanisms for absorbing product variety through management of the quotation process
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Mechanisms Seat Selector Custom Instrument
Absorbing variety
Process customer requests in
order of
importance and allocate
resources
accordingly
Targets set for customer
response based on customer
rating
The processing of customer
requests is prioritised by the
perceived commercial
opportunity at the individual
level
Meet a customer’s needs with a
product specification of closest
appropriate fit
Hierarchical support of sales
team by
operations and technical
managers
One applications specialist
supports the sales team of 80
people
Mainly autonomous
decision-making by product
specialists with collaborative
support from other functions
Six application specialists
within the central organisation
support seven national sales
representatives. There are
additional applications
specialists within subsidiary
companies
Update information systems
with efficient
use of resources
Rules embedded within the
product
configurator replicate
component and costing changes
to the entire range
Product model structure in the
configurator is such that
component changes need to be
replicated across each product
type
Monitor changing delivery
capabilities
according to the product variety
loading
Standard delivery times – not
adjusted for production loading
Deliveries estimated by specials
product team with designer.
However, this estimate needs to
be updated when the order is
placed
    second type of variety represents a different approach  mitigation of the impact of variety. se
mechanisms are designed to deﬂect the impact of variety through proactive management of variety. ble 4 
shows the mechanisms identiﬁed for mitigating the impact of variety.  is important to note that the quotation
process provides an important source of information that allows mitigation of the impact of variety in other
areas of the business such as product development and supply chain management.
Discussion
his section reviews process improvements and good practice for handling variety through
quotation processes. irst, we use the quotation process to review opportunities for
process improvements.  also review the processes used by the two businesses for handling variety.
nally, we turn to the quotation process model  a key ﬁnding of this research  to make a critical review of
the model. ﬀﬁtensions to the model and further work are discussed.
Insightsintoquotationprocess improvements
ﬂ generic model of quotation processes has been developed by this research to give insight into the
functioning of the core process elements of the system  the decision centres. ﬃiewing an organisations
structure and the information systems infrastructure supporting these decision centres should lead to the
424
Mechanisms Seat Selector Custom Instrument
Mitigating the impact of variety
Minimise the proliferation of
variety
Listings of special
components are regularly
reviewed in order to
eliminate obsolete variants
Lists of non-standard parts
are available to engineers.
Drawing database is
searched for similar designs
but this has limited success.
Reinvention of designs does
frequently occur
Filter requests by customers
for non-standard products
Active steering towards
standard products
Some steering towards
catalogue products through
informal processes
Rejection of customer
requests for infeasible or
“inappropriate” products
Rejection of requests for
product that do not fit with
brand image
Rejection is rare
Monitor customer requests
in terms of types of
enquiries and orders
All products are ordered
using the configurator.
Information systems allow
monitoring of demand to be
decomposed to the product
module level. This
information is used to
inform future product
development and supply
chain management
Very limited – in the
process of setting up reports
on enquiries through CRM
system. The part coding
used by the configurator
and product structure
means that reports do not
give senior management the
information they would
wish for
Table 4. Mechanisms for mitigating the impact of product variety through management
of the quotation process
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UW face value the differences between the two front-end systems could be attributed to the
technical complexity of the products  instrumentation is far more complex and technically demanding
than furniture. XYZ[ver, both companies respond to the same proportion of customer enquiries for
non-standard products thus requiring agility in their processes to respond to new customer requirements.
\][ study provides insights into how quotation processes can be ﬂexed with customer-driven variety and
how quotation systems can be managed in the broader context. ^_ `ustom anstrument there was evidence
that the decision centres (b) and (bbc were strongly supported by a can do attitude. deidence was found
of a strong motivation in all the front-end personnel to solve customers problems. \]is was driven by
senior managements customer orientation.
\][ study of fgsher et al. (1995) into the impact of variety on operations in automotive plants
found that having a lean philosophy allowed factories to absorb high levels of variety with minimal
impacts to performance. ^Walysis of the `ustom anstrument case studies shows that the attitudes of people
and organisational culture are an important mechanism in the absorption of variety. \][se attitudes
allow problem-solving teams to be quickly assembled to address a customers request and respond
rapidly and effectively. \he problem-solving mechanisms used by `ustom anstrument relied on the
formation of virtual teams for problem solving for a particular customer request. \][he teams
were assembled using personal networks that allow organisational knowledge to be tapped effectively.
\he assembly of teams required ﬂexibility of people and cross-functional collaboration.
i[view of the processes for managing variety reveals that, although product conﬁgurator technologies
may be powerful in enabling variety to be handled quickly and effectively, there are still human intensive
activities in both the companies examined, e.g. support of the sales team by experts and
administering of the conﬁgurator by the sales representative. jksinesses should be aware that
product conﬁgurators do not offer a panacea for automating the responses to customer requests.
Management of decision centres  the triage concept
\][ decision centres relate mainly to the processing of non-standard customer requests because the expertise
of people is required to consider product speciﬁcations that are beyond the hard-wired product variant
envelope contained in the conﬁgurator. XYZever, the identiﬁcation of information for reuse
is directly related to the conﬁgurator because this decision centre can help to keep the conﬁgurator
database live.
\][ classiﬁcation decision centre is one of the most important decision centres for effective and efﬁcient
quotation  processing.  b_ is an area  with a high concentration of organisational knowledge. b_ requires a  
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customer request to be assessed and categorised. lmno requests may be rejected and so the
pqrstsuv rqvwxq yxuzspqt {v important ﬁlter for variety. |} is likely that at this stage customer needs will not be
fully described in technical speciﬁcation and~ therefore, considerable applications knowledge may be required.
 analogy is that of a triage nurse who assesses and prioritises an injured patient on arrival at a
hospital. msiderable experience is required for this role. } ustom nstrument the triage role is provided
by a team of people because of the diversity of knowledge required. e case study has highlighted the
importance of the management of this decision centre. |} needs to be managed carefully because all
customer requests come through this funnel.
Process improvement opportunities
mosing the right level of automation to support variety will depend on how information systems
may enable a business to compete and in particular which dimensions it is competing or customizing
upon. | ustom nstrument were to move to the information systems model used by eat elector, more
of the implicit knowledge held by individuals within the organisation would need to be externalised
and proceduralised. here are few tools available to perform such a transformation of situation
speciﬁc knowledge, although eve (2003) among others provides generic knowledge elicitation
tools. |} is also worth questioning if, once the information is in a recordable format, the effort of
updating the information system is worthwhile because the reuse of information is uncertain. loat elector
have plans to use the concepts and software tools they employ for describing products in the product
conﬁgurator  the rules for describing elements and restrictions as to how these elements can be
pieced together  in other areas of the business. | particular, they have the capability to use this
process conﬁguration to provide further deﬁnition and automation of other processes with
constraints, e.g. conﬁguration of services. mŁoer, a balance needs to be sought between process
formalisation and the need for ﬂexibility in responding to customers (olker and de ies, 2001).
Information reuse and mass customization
o front-end of the organisation may be viewed as an information generating system (oichwald et al.,
2001), which creates information and knowledge as a result of customer interactions. ss
customization demands that the front-end processes create a solution to match the customers needs
for speciﬁcation, cost, delivery and quality. o challenge is to enable efﬁcient reuse of product,
customer, applications and process information for creating customer solutions. |formation technology offers
the most efﬁcient tools for repeatedly handling information. mŁever, analysis of the ustom
nstrument case study has highlighted the constraints that arise in achieving high levels of front-end
automation; reliance on implicit organisational knowledge and a complex product applications
architecture. tomation in this context would require the use of decision-making tools that could handle
a multitude of interrelated factors with minimal effort required for updating. ore sophisticated tools
such as process conﬁguration tools both for handling process knowledge (hild et al., 1991)
and product related knowledge (ongvasu et al., 2001) are being developed increasingly. 
means that gaining the efﬁciencies demanded by mass customization are potentially more
feasible. |} can also be argued that dynamic response by a team of human experts may be more effective
in some environments than attempting to fully automate a quotation process. 
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 is worth noting that in neither company did information systems   and conﬁgurators  offer a
panacea for providing quotations. e human contribution to these processes was critical. roduct
modularity is emphasised as essential for the implementation of product conﬁguration systems (orza
and alvador, 2002).  modular product architecture was a precursor to the implementation of
the conﬁgurator system in both companies. ter implementation there was signiﬁcant resource required for
ongoing management of the product assortment described by the conﬁgurator.   mechanisms for mitigating
the impact of variety describe some of the practices that were used to manage the dynamic envelope
whilst aiming to gain the beneﬁts of the product conﬁgurator.
Testing the applica¡ility of the quotation model
¢ important part of theory development is to test generalizations to ﬁnd out the circumstances in which
the theory does not hold. he model has been developed from two case studies and whilst it is based on
in-depth analysis of the cases to provide robustness of theory, further conﬁrmation is still required to ensure
the applicability of the theory to a wider context. £¤ section reviews the conceptual models of the quotation
processes in different contexts.
  quotation process model suggests that four decision centres should be present in an organisation. ¥oviding
there is some element of customer-driven variety this is likely to be the case because there needs to
be mechanisms for conveying the customers requirements to the organisation. ¦owever, differences
may evolve in the decision centres according to their relative importance. §¨  decision centres are likely to be
more important than other decision centres in different contexts. ©ble 5 lists some instances where certain
decision centres may be less signiﬁcant.
£¤ highlights that for extremes of very low or very high variety some decision centres may be less
signiﬁcant. his may mean that the quotation model of four decision centres is not applicable in these contexts.
ª  would suggest that many companies exist in the mid variety range; that companies with very low or
very high levels of rates of change of variety are fewer in number. «so, variety surveys show that there are
relatively few companies that have homogeneous markets in todays dynamic business environments (¬¢­e
and ¬hwedel, 2000).
Table 5. ®valuation of decision centre concepts
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Decision centre Business environment in which decision centre is less significant
DC (I)
All configured through automatic rules. Product envelope static or
intelligent system can cater for all scenarios
DC (II) Customer requests are homogeneous
DC (III) Customers are homogeneous
DC (IV) Low opportunity to reuse request information – high variability
of requests
                                                                                                                                         
Towards the development of a system for classifying quotation processes
¯° extension to the quotation process model is based on the relative importance of the four decision
centres in any particular context. ±² is predicted that a customization business will have a dominant decision centre
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Figure 6. Classiﬁcation ÚÛ quotation processes according to decision centre
conﬁgurations
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Conclusions
Ühe aim of this research study was to capture and analyse quotation processes of two very different businesses
in high-variety environments. Ühey have similarities in the fact that both use a product conﬁgurator and both
ÝÞßàáâã äá åæßäáçÞÝ ÝÞèæÞßäß éáÝ âáâêßäëâãëÝã àÝáãæåäß áæäßìãÞ äíÞ Þîìßäìâï ðëÝìÞäñ ÞâðÞòáàÞ (óíìåí ìß ìäßÞòé
ãñâëçìå ëâã åáâäìâæëòòñ Þðáòðìâï)ô  õîëçìâëäìáâ áé äíÞ äóá öæßìâÞßßÞß íëß àÝáðìãÞã ÞðìãÞâåÞ áé äíÞ çÞåíëâìßçß
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 ù ÷ù÷ þ úü øü ÷ù÷ þ úü ü úüüþ÷ü  þ ÷ø  ùüú  ßßüú
ßú ü ÷ þ ÷øüú
  þ ÷ø  ùúüù ýüùü  ÷ úüþ ü ÷øù÷
(1) effectively managing the dynamic variety envelope in high-variety environments is both
essential and challenging;
(2) businesses are increasingly adopting product conﬁgurator and customer relationship
technologies and systems; and
(3) human expertise and decision making are necessary in many cases to respond to non-standard orders
and to manage the process.
nalysis of case studies of businesses operating in high-variety environments that provide both conﬁgured
and responsively engineered products has revealed that the product conﬁgurator does offer support for
some of the information and decision burdens arising from high variety. owever, quotation
processes are still strongly people intensive  analysis of quotation processes has highlighted how businesses
are reliant on many informal practices. his is important process knowledge, which needs to be understood by
an organisation concerned about the effectiveness and responsiveness of its quotation processes.
he research has presented models to provide insights into these complex informal practices. t has
also highlighted important generic strategies for absorbing and mitigating the impact of high variety in quotation
processes. urther research is needed to provide explanatory models that can lay the basis for the design
and management of quotation processes in speciﬁc contexts.
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